Objective: Prior studies have reported underuse of-but not variability in-invasive mediastinal staging in the pretreatment evaluation of patients with lung cancer. We sought to compare rates of invasive mediastinal staging for lung cancer across hospitals participating in a regional quality improvement and research collaborative.
See Editorial Commentary page 2672.
An American College of Surgeons Commission on Cancer study described substantially lower than expected rates of invasive mediastinal staging (IMS) for resected lung cancer (27%) in 2001. 1 In addition, fewer than half of all patients who underwent mediastinoscopy had lymph node tissue submitted for pathologic evaluation. Reed 1 said in her discussion at an annual meeting of the Society of Thoracic Surgeons (STS) that, ''The results are an indictment of the present care of patients with non-small cell lung cancer.'' Since then, numerous studies have reported apparent underuse of IMS in other lung cancer populations using other data sources [2] [3] [4] [5] [6] [7] [8] ; however, there are several challenges in drawing firm conclusions about the quality of care based on these studies. First, contemporary guidelines have shifted away from recommending routine IMS. [9] [10] [11] Second, there are no known datasets with sufficient granularity to directly assess adherence with guideline-recommended IMS. Variation in care delivery is a commonly used surrogate measure for suboptimal care. Nonetheless, there may be other reasons for variability in care, such as concerns over the level of evidence supporting guideline recommendations or providers who perceive IMS to be time-consuming, inconvenient, or even dangerous. These speculative reasons form the basis of a longstanding suspicion of variability in rates of IMS. Variability in hospital-level rates of IMS has never been documented.
Leveraging a unique data source of academic and community-based thoracic surgical practices in the Puget Sound region of Washington State, we sought to compare hospital-level rates of IMS among patients with resected non-small cell lung cancer (NSCLC). We hypothesized that there would be significant variation in rates of IMS across hospitals.
MATERIALS AND METHODS Study Design and Population
We performed a retrospective cohort study of adult NSCLC patients who underwent resection between July 2011 and December 2013 (n ¼ 514). Patients were excluded if they had a prior history of lung cancer (n ¼ 43) or were treated with induction therapy (n ¼ 59). Data were obtained from the medical record of hospitals/health systems in the Puget Sound region of Washington State participating in the Collaborative to Improve Native Cancer Outcomes study. 12 Of 13 Collaborative to Improve Native Cancer Outcomes study hospitals (Appendix E1), 7 contributed lung cancer cases. Two hospitals contributing fewer than 10 cases over the duration of the study were excluded from the analysis resulting in the exclusion of 6 additional patients. This study was not considered human subjects research by the University of Washington Institutional Review Board because both patient and hospital information were de-identified.
Data Source
Data were obtained from the Surgical Care and Outcomes Assessment Program (SCOAP). SCOAP is a physician-led quality improvement system in Washington State. The SCOAP database is a prospective, multicenter clinical registry that contains data on patients' characteristics, perioperative and surgical details, as well as clinical outcomes. SCOAP is administered by the Foundation for Health Care Quality. Research and development in SCOAP is funded in part by grants to the University of Washington Surgical Outcomes Research Center and the Comparative Effectiveness Research Translation Network. 13, 14 In 2013, the Comparative Effectiveness Research Translation Network developed a thoracic surgery quality improvement module for use by hospitals that participate in SCOAP. Stakeholders include thoracic surgeons, pulmonologists, advanced practice providers, and hospital administrators. 12 This group determined the need to collect information about lung cancer staging and added disease-specific variables (eg, provider documented clinical stage, details of IMS [listed in the next paragraph], and use of noninvasive staging modalities) to the lung cancer module within SCOAP.
IMS
Abstractors recorded information from patients' medical records on the type (eg, mediastinoscopy or mediastinotomy, endobronchial ultrasoundguided nodal aspirate [EBUS], or esophageal ultrasound-guided nodal aspirate) and timing (before resection, at the time of resection, or both before and at the time of resection) of IMS if it was performed. In addition, abstractors collected data on the number of unique mediastinal nodal stations sampled during IMS. Abstractors did not collect information on the indications for IMS, and therefore it is not possible to determine guideline adherence at the patient level.
Analysis
Patient characteristics were summarized by frequencies (categorical variables) and means AE standard deviation or medians (interquartile range) for normally and nonnormally distributed continuous variables, respectively. Univariate differences across hospitals are summarized by c 2 tests (categorical variable) and analysis of variance tests or Kruskal-Wallis tests for normally and nonnormally distributed continuous variables, respectively. All analyses were performed using Stata version 14.2 (StataCorp LLC, College Station, Tex).
Confidence interval (CI) inspection was used to compare hospital-level rates of IMS to each other and the overall average rate for the study population. Because small sample sizes at any single hospital can influence the observed rate of IMS and erroneously inflate the magnitude of variation, we used an empirical Bayes shrinkage estimator. [15] [16] [17] This approach, using a mixed effects logistic regression model, also allowed for adjustment for clinical stage IA tumors. Guidelines allow for omission of IMS in a subset of these patients, 11, 18 and the frequency of clinical stage IA disease may vary across hospitals; therefore, adjustment for clinical stage IA is imperative to avoid confounding bias in comparisons of hospital-level rates of IMS. Finally, this approach allowed for estimation of the proportion of variability explained by differences in the rates of clinical stage IA disease across hospitals (by calculating the ratio of random effects between models). CIs for point estimates following reliability adjustment were based on empirical Bayes variance estimates and on approximate normality of the posterior facility-level 
effects. A post hoc analysis calculated the median odds ratio as another measure of across-hospital variation in IMS. 19 Missing data analysis revealed no missing values among variables included in risk and reliability adjustment.
A prespecified sensitivity analysis was conducted in 2 different subgroups in an attempt to evaluate hospital-level variability in IMS rates among populations more likely to be candidates for IMS. Specifically, 1 subgroup analysis was restricted to patients who underwent preoperative positron emission tomography (PET) on the presumption that the provider had a higher index of suspicion of NSCLC. Another subgroup analysis restricted to patients who underwent an anatomic resection on the presumption that surgeons preferentially perform an anatomic resection for cases that are certain to be NSCLC.
RESULTS
Between 2011 and 2013, 406 patients met criteria for this study from across 5 hospitals in the Puget Sound region of Washington State. Clinical and treatment variables are summarized in Table 1 . Preoperative patient factors that varied across hospitals included insurance case-mix (P < .001), American Society of Anesthesiologists class (P <.01), and clinical stage IA disease (P <.001). Age, sex, race, Charlson comorbidity index, and lung function did not vary significantly across hospitals (all P values > .05). Operative factors (extent and approach to resection) varied significantly across hospitals (P .001), as did pathologic stage (P ¼ .008), but histology did not (P ¼ .95). Nine percent of patients were ultimately diagnosed with pathologic N2 disease.
Overall, 268 patients underwent IMS (66% [95% CI, 61%-71%]). Mediastinoscopy accounted for a majority (85%) of IMS procedures, and a majority (64%) of patients underwent IMS on the day of resection. The median number of mediastinal lymph node stations sampled was 3 (range, 0-7). Seven percent of patients (95% CI, 4%-10%) underwent IMS but did not have lymph node tissue sampled based on pathologic evaluation. Of 18 patients who did not have lymph node tissue sampled, 11 underwent mediastinoscopy, 6 underwent EBUS, and 1 underwent both mediastinoscopy and EBUS. Table 2 summarizes patterns of IMS across hospitals in this study. The type of IMS modality varied across hospitals (P<.001), as did the timing of IMS (P<0 .001). Unadjusted rates of IMS varied significantly across hospitals (P < .001). Hospital B performed IMS without any lymph node tissue sampled 2 times more often (14%) than the overall average.
Adjusted rates of IMS varied widely ranging from 17% (95% CI, 7%-36%) at Hospital E to 94% (95% CI, 89%-96%) at Hospital A (Figure 1 ). Hospitals A, B, and D had markedly higher rates of IMS compared with Hospitals C and E. Hospital A and B performed IMS significantly more often than the overall average, whereas hospitals C and E performed IMS significantly less often than the overall average. Adjusting for clinical stage IA disease explained only 3% of the variability across hospitals, despite large variation in the frequency of clinical stage (21) 24 (18) 28 (21) 17 (24) 6 (15) 9 (30) IIA 38 (9) 15 (12) 11 (8) 5 (7) 1 (3) 6 (20) IIB 32 (8) 15 (12) 8 (6) 2 (3) 5 (13) 2 (7) IIIA 41 (10) 22 (17) 5 (4) 7 (10) 7 (18) 
Pathologic nodal stage .053 pN0
317 (79) 93 (73) 110 (83) 55 (79) 32 (80) 27 (90) pN1 47 (12) 18 (14) 17 (13) 7 (10) 2 (5) 3 (10) pN2 36 (9) 17 (13) 5 (4) 8 (11) 6 (15) (2) 5 (4) 3 (2) 1 (1) 0 (0) 1 (3) Squamous cell carcinoma 86 (21) 30 (23) 30 (22) 12 (17) 9 (23) 
Values are presented as mean AE standard deviation, n (%), or median (interquartile range). ASA, American Society of Anesthesiologists; FEV 1 , forced expiratory volume in 1 second; DLCO, diffusion capacity of carbon monoxide; PET, positron emission tomography; MIS, minimally invasive surgery (eg, video-assisted thoracoscopic surgery or robotic); AIS, adenocarcinoma in situ; NSCLC, non-small cell lung cancer; NOS, not otherwise specified.
IA disease across hospitals. Our prespecified subgroup analyses revealed the same degree of variability in hospitallevel rates of IMS among patients who underwent anatomic resection or underwent a PET scan (Figures 2 and 3 ). Several post hoc analyses were conducted. As an alternative measure of variability in hospital-level rates of IMS, we estimated the median odds ratio across hospitals to be 4.99 (95% CI, 1.56-7.24), indicating significant across-hospital variance. This value is interpreted as follows: if a randomly selected patient from 1 center were to transfer care to a hospital with a higher probability of performing IMS, then his or her risk of undergoing IMS would increase by 499%. Table 3 summarizes a post hoc analysis exploring potential differences in patient characteristics between those who did and did not undergo IMS. Compared with those who did not receive IMS, patients who underwent IMS had a different payer mix (P<.001) and were more likely to have a higher American Society of Anesthesiologists class (P ¼ .002), smoke (P ¼ .002), have a lower predicted forced expiratory volume in 1 second (P ¼ .03), have undergone a preoperative PET scan (P <.001), and have a higher clinical stage (P ¼ .001). A fully adjusted model did not change the conclusions of our primary analysis, and it revealed that patient-level variables accounted for a total of 5% of the variation in rates of IMS across hospitals. Another patient-level stratified analysis showed that patients with clinical stage IB or higher disease had higher rates of IMS compared with those with clinical stage IA (78% vs 61%; P < .001). Finally, hospitals with an exclusively thoracic surgical-based practice model (A, B, and D) had higher rates of IMS compared with hospitals with a mixed-specialty practice model (82% vs 19%; P <.001).
DISCUSSION
We hypothesized that there would be significant variation in hospital-level rates of IMS and aimed to compare hospital-specific rates of IMS to each other and to the overall population mean. The key finding of our study is that there is significant variation in rates of IMS across hospitals providing surgical care to patients with NSCLC. Patientlevel factors, including clinical stage IA disease, explain very little of the variability. Post hoc analyses confirm our key finding. Hospitals with a purely thoracic surgical practice (as opposed to a mixed-specialty practice) were associated with higher rates of IMS.
Variability in care is often considered a marker of poor quality care. Surgeons may not adhere to guidelines because they are unaware that they exist. Those with a practice solely dedicated to thoracic surgery may be more likely to know guideline recommended indications for IMS. Supporting this hypothesis is the observation that an exclusively thoracic surgical-based hospital practice model was associated with higher rates of IMS. However, a previous study examining the relationship between surgeon specialty and outcomes reported no differences in the use of mediastinoscopy among general, cardiothoracic, and thoracic surgeons. 20 Survey research may better elucidate the frequency of surgeon awareness of guideline recommendations and factors associated with both awareness and adherence.
Another possible explanation for variation in IMS is that surgeons may purposefully choose to not adhere to guidelines because they do not accept the recommendations to be valid. A previous study showed that providers may deviate from guidelines when either the level of 
.34 No nodes sampled 18 (7) 1 (1) 14 (14) 1 (6) 2 (6) 0 (0) .004
Values are presented as n (%) unless otherwise indicated. EBUS, Endobronchial ultrasound-guided nodal aspirate; EUS, esophageal ultrasound-guided nodal aspirate. *Calculated among patients who underwent invasive mediastinal staging.
supporting evidence for guidelines is low or when they perceive the supporting evidence to not be generalizable to their patient population or practice. 21 Indeed the level of evidence for guideline recommended indications for IMS is 2. [9] [10] [11] There are no randomized controlled trials comparing varying intensities of IMS (ie, routine vs selective vs highly selective IMS). It was recently shown that guideline-recommended IMS has a sensitivity and specificity of 100% and 35%, respectively. 22, 23 Clinically, these estimates mean that existing guideline recommendations perfectly select all patients with true nodal disease to undergo IMS, but they also select many patients without true nodal disease to undergo IMS. The high rate of negative IMS may provide the rationale for why some surgeons do not accept guideline recommendations. A high true negative rate of IMS may be perceived as futile, inefficient, or costineffective, 24 although recent evidence suggests these perceptions may not be correct. 25 However, underlying the rationale for guidelines directing a majority of lung cancer patients to IMS is the view that the identification of mediastinal nodal disease (N2 or N3, Stage IIIA or IIIB) is important from a patient and treatment selection perspective. Even if the multimodality options for stage IIIA are equivalent with regard to long-term survival, 26 many patients and providers would likely agree that more accurate staging leads to more informed treatment decisions. Nonetheless, some providers may be skeptical of this view and believe that patients are better served by initial surgical resection.
Better understanding the reasons underlying hospitallevel variability in IMS is an opportunity to improve care. Qualitative research (eg, focus groups and key informant surgeon interviews) can help identify the reasons for variability in practice patterns. To the extent that a knowledge gap explains variability in IMS, hospital credentialing and privileging policies could be an avenue for evaluating and increasing the knowledge base of surgeons who do not have a dedicated oncologic practice and/or board certification in thoracic surgery. 27 Greater access to continuing medical education-such as the GAIN (Engaging an Interdisciplinary Team for NSCLC Diagnosis, Personalized Assessment, and Treatment) curriculum sponsored by the American College of Chest Physicians, National Comprehensive Cancer Network programs, and others-is another opportunity to address knowledge gaps. 28 Finally, clinical registries (eg, STS and National Surgical Quality Improvement Program) can facilitate performance feedback in terms of process compliance (ie, benchmarked rates of IMS). [29] [30] [31] On the other hand, if the variability in IMS is due to widespread disagreement about the optimal indications for IMS, then more research will be needed to elucidate the optimal IMS strategy. One example of an alternative staging strategy is selective IMS using prediction models. Preliminary research suggests that prediction models can, similar to existing practice guidelines, maintain 100% sensitivity while achieving higher specificity. 22, 32 Clinically, this means that the use of a prediction model is expected to lead to fewer IMS procedures without compromising the ability to detect true nodal disease before first treatment. This hypothesis could also be tested through a randomized controlled trial. Still other alternative staging strategies may arise from qualitative interviews with thoracic surgeons and pulmonologists.
One unexpected finding was that the rate of IMS in this study (66%) was higher than previously reported (27%). 1 Differences across studies may reflect differences in the quality of data collection or delivery of care over time. Another possibility is the Hawthorne effect, given that all hospitals agreed to participate in a regional quality improvement collaborative. However, this explanation is unlikely because the decision to measure use of IMS was made by our regional collaborative in 2013, the study period spans 2011 to 2013, and there were no interventions intended to influence rates of IMS. Furthermore, rates of IMS for the entire study population were lower than expected population rates of IMS derived from prior studies (77%-79%). 22, 23, 33 In addition, although rates of failed lymph node sampling (7%) were much lower than that previously reported ($ 47%), 1 opportunities for quality improvement remain given that 1 hospital failed sample lymph node tissue in up to 14% of patients undergoing IMS-a rate double that of other hospitals. Failing to submit or obtain adequate lymph node tissue is an outcome measure that could be monitored by a clinical registry such as the STS General Thoracic Surgery Database. 30, 31 There are important limitations to this study. There may be concerns about generalizing regional results to the rest of the nation. By design, this multicenter study included mostly community hospitals and only a single academic center in an attempt to maximize generalizability. We expect hospital-level variability in IMS to be found across the nation, and several members of our study team are currently testing this hypothesis using the STS General Thoracic Surgery Database (although this database also has generalizability concerns). Because we were unable to directly access medical records to determine the indications for or against IMS, we could not measure adherence with guideline recommendations at the patient level. Further, because we were unable to measure central versus peripheral tumors, some of the variation in IMS may be explained by differences in case-mix (defined by central tumors) across hospitals. Neither did we have information on the provider who performed or decided against performing IMS, and therefore we cannot better understand the contribution of individual providers or providerspecialty to variation in care. We may have underestimated rates of IMS. Data abstractors may not have been able to record IMS occurring at a referring hospital/health system (ie, not participating in our collaborative). However, given the fact that rates of IMS are higher than previously described in community practice, it is unlikely that we significantly underestimated rates of IMS. Finally, we were unable to elucidate the reasons for variable rates of IMS across hospitals. As discussed earlier, we plan to conduct qualitative and mixed-methods research to gain a better understanding of the determinants of variability in IMS.
CONCLUSIONS
We describe-for the first time-that there is significant variability in rates of IMS across hospitals (Video 1). We speculate that this variability might be due to gaps in the quality of care, disagreement over the best indications for IMS, or both. Planned qualitative and mixed-methods 47 (12) 37 (14) 10 (7) pN2 36 (9) 31 (12) 
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Moderator: Murray H. Kwon Dr Farjah. Good morning and thank you for the opportunity to present our work. Dr. Thornblade very much wanted to be here to share these results with you but he and his wife may be having their first child a few days early so he's in Seattle and I'm very happy to present on his behalf. We have no disclosures or conflicts of interest to disclose.
Staging is among the most important aspects of cancer care, and that's because accurate staging leads to appropriate treatment selection and appropriate treatment selection leads to optimal patient outcomes. Invasive mediastinal staging is important because of the well-characterized false negative rate of imaging and because the results of invasive staging have a profound influence on treatment recommendations, which can vary from surgery alone to definitive chemoradiation therapy. In 2005, this study presented at the Society of Thoracic Surgeons annual meeting reported a 27% rate of invasive mediastinal staging, a rate far below expectations, and this key finding of an apparent underuse of invasive staging has been observed over and over again in different populations and using different data sources, and it has led to substantial concerns over the quality of thoracic surgical care in the community at large. Variability in invasive staging has not been adequately described, but there is reason to suspect that it exists. Some surgeons and pulmonologists may not know about the guidelines that advise us how to stage patients. Others may disagree with those guidelines. Some might find invasive staging to be inconvenient or an inefficient use of time, or time-consuming, and yet others may not know how to do the broad spectrum of invasive staging procedures or even fear doing some of them. So, leveraging a unique data source on thoracic surgical practice patterns in Washington State, and specifically in the Puget Sound region, we hypothesized that there is significant variation in the rate of invasive staging across hospitals. We conducted a retrospective cohort study of adult patients with nonsmall cell lung cancer who underwent resection between July 2011 and December 2013. Data were ascertained from medical records maintained by hospitals participating in a National Cancer Institute-funded collaborative that aimed to improve Native American cancer outcomes within the region. The clinical registry that resulted from that collaborative collected information on all patients with lung cancer regardless of race, and included information on demographic characteristics, cancer care, tumor characteristics, and outcomes. Patients were excluded if they had a prior history of lung cancer, or if they were treated with induction therapy or if they were cared for at a hospital that performed < 10 cases over the study period. A total of 406 patients were eligible for the study from 5 hospitals and all 5 hospitals included in this study were staffed by at least 1 Board-certified thoracic surgeon with a noncardiac practice. So, we used the mixed-effects model to obtain estimates and confidence intervals for hospital-level rates of invasive staging.
This approach allowed us to safeguard against inflated estimates of variability that could arise from small sample sizes at any 1 hospital. This methodology also allowed us to adjust for variation in the prevalence of stage IA disease across hospitals and this is important because guidelines allow for omission of invasive staging among patients with peripheral stage IA tumors. So, performing the adjustment safeguards against potential confounding. The study cohort had features typical of a lung cancer population with the mean age 68 years; 57% were women; 88% were white; 77% of people were American Society of Anesthesiologists class 3; 84% were former or current smokers; and a majority of patients had clinical stage IA disease, adenocarcinoma, and underwent a lobectomy. Overall, 66% of patients underwent any invasive mediastinal staging and among the 268 who did undergo staging, the most common procedure performed was mediastinoscopy alone, followed by endobronchial ultrasound guided nodal aspirate and mediastinoscopy. Invasive staging was performed at the time of resection in 2 out of 3 cases. The median number of mediastinal nodal stations sampled was 3, and 7% of patients who underwent invasive staging did not have any lymph node tissue sent to pathology.
Going back to the cohort of 406 patients, the prevalence of clinical stage IA disease at presentation did vary across hospitals, as we suspected, and significantly so. The only other variables that differed across hospitals was insurance and American Society of Anesthesiologists class. We found evidence of significant variation in hospital-level rates of invasive staging. The x-axis shows the de-identified hospitals, the y-axis shows the adjusted rates of invasive staging. The horizontal line shows the overall mean of 66% with the 95% confidence intervals associated with that mean, and the vertical bars are the 95% confidence intervals for the hospital-specific rates. And you can see that relative to the mean, 2 hospitals performed invasive staging more often than the mean, 2 hospitals performed it less often than the mean, and 1 hospital performed it no different than the mean. Another way to look at variability with respect to some sort of a reference point or a referent, is to compare it with expected rates of invasive staging. Three studies recently provided estimates of the expected rate of invasive staging in various populations of patients with lung cancer, and amazingly, the estimates are very tight. They range from 77% to 79%. So, if we use these values as our referent, you can see that 1 hospital performed invasive staging more often than expected, 2 performed it less often than expected, and 2 performed it no different than expected.
We found evidence of 5-fold variation in hospital level rates of invasive mediastinal staging that was not explained by chance or case mix. Our study had several limitations, and the first is generalizability. Care within our region may not represent care across the nation. However, with 1 academic hospital and 4 community sites, we believe our study is likely to be generalizable to the community at large as long as there is 1 Board-certified thoracic surgeon with a noncardiac practice at that hospital. Another limitation is that the clinical registry did not collect enough information for us to directly calculate expected rates of invasive staging because there was no information on imaging results such as lymphadenopathy, fluorodeoxyglucose-uptake in lymph nodes, tumor size, or central or peripheral tumors. Lastly to the extent that invasive mediastinal staging occurred before referral to 1 of the 5 study hospitals, we may have underestimated the rate of invasive staging, but because our rate of invasive staging was 2 times higher than previous reports, we think that is unlikely but a possibility.
In conclusion, our understanding of the apparent underuse of invasive staging is further complicated by the fact that there are highly variable patterns of invasive staging, and notable at hospitals staffed by at least 1 Board-certified thoracic surgeon with a noncardiac practice. This variability could be a marker of poor quality care because guidelines are not supported by level-1 evidence, it is equally plausible that this variability might represent uncertainty or even disagreement with the practice guidelines, and specifically about the appropriate indications for invasive staging. So, several members of our team have taken steps to further this line of investigation. Another was completed at the national level using Society of Thoracic Surgeons data and that has been submitted to a national meeting for presentation. We are planning provider interviews and focus groups to try to understand the drivers of variability in invasive staging among surgeons. Finally, our group recently developed a risk-based approach to selective invasive staging using a prediction model that predicts the probability of nodal disease, and some of our modeled analyses show that this strategy is as good a guideline in identifying people who truly have nodal disease, but its use could lead to a reduction in the use of invasive staging procedures. Accordingly, we are now planning a multicenter validation study of this alternative strategy.
I would like to acknowledge the considerable efforts of Dr Thornblade, a general surgery resident at our institution and a recipient of a National Institutes of Health T32 PostDoctoral Award. We would also like to acknowledge the University of Washington Surgical Outcomes Research Center and the Washington State Surgical Care and Outcomes Assessment Program for their contributions in terms of data acquisition.
Dr Jane Yanagawa . It is an interesting study because historically, lower rates of mediastinoscopy are automatically assumed to be a reflection of low-quality care and you suggest that it might not be the case, that it might be more complicated than that. One situation I thought of that might lead to a lower rate of mediastinoscopy is a patient who by all preoperative imaging is believed to have an early stage lung cancer and you might choose to avoid the morbidity, time, and cost of a needle biopsy, to go instead straight to the operating room for a wedge resection for diagnosis and then perhaps go straight to a completion lobectomy based on frozen section results. In that case, hopefully they would at least get a thorough ipsilateral lymph node staging. That patient would obviously not get a mediastinoscopy. Do you know if scenarios like that or similar to that might have influenced the results in your study? Dr Farjah. Thanks, Jane. I think it could have. I think it could explain this variability and the reason why I say that is not because we can actually measure who did and did not get preoperative histology with this data set, but the patient that you described would not have undergone invasive staging, and it sounds like that is what you would do at your institution. It is interesting that you bring it up because at our institution if we strongly suspect lung cancer, and we do not have preoperative tissue confirmation, we will actually do the mediastinoscopy before the lung resection. What you are describing, and what I know at least at our own institution, I would say that may be a driver of variability.
Dr Yanagawa. Another consideration you brought up is that your study was performed at a hospital level, but I know at our institution, every surgeon practices some things differently. Do you think that if people are not following the guidelines, that it would be at the hospital level? When someone needs preoperative mediastinoscopy, is it something that is discussed at tumor boards?
Dr Farjah. As we start to move toward reimbursement for disease-based care, the looking at it from the perspective of an institution and a patient makes sense. That being said, I'm sure there is variability at the individual provider level and I think that it could contribute to the variability seen in this study. At our institution, there is probably some variability, but more or less we definitely have a pathway that is closely aligned with National Comprehensive Cancer Network guidelines. If you looked at our intersurgeon practice patterns, we probably would not be too different. Most surgeons are more or less institutionally aligned with the National Comprehensive Cancer Network guidelines. I cannot speak for the other centers in the study.
Dr Yanagawa. The last thing I would like you to comment about is the nodes harvested. One of the hospitals had the highest rate of mediastinoscopy, but a center with the highest rate of the mediastinoscopy had no lymph nodes actually harvested during the procedure. Why might that be the case? Dr Farjah. I think that was hospital B, and I think their invasive staging rate was something like 75%. I do not think it was the highest, but it was high. And the rate of no lymph nodes from the staging procedure was something like 14% or 15%. I think this highlights a problem that is well-known in the world of quality measurement. If you look at rates of invasive staging, which is a process measure, and looking at process measures makes a lot of sense when you have very high-level data. It is akin to an internal mammary artery for coronary bypass. If you do not have the level-1 evidence and there is a lot of consensus, then it probably makes sense. We see a lot of variability, so maybe there is not a lot of consensus, and when you look at a process measure and you do not look at outcomes, you can get a full signal about quality and that is an unintended consequence of any quality measurement or quality improvement program that only looks at 1 metric. If we only looked at rates of invasive staging, we would say that hospital did great, but obviously, if 15% did not have lymph nodes harvested, then is doing procedures way better? Research by Litle found 50% of lymph nodes harvested may not be sufficient.
Dr Paul Shipper. Two quick questions. The first is a follow-up. You said that you corrected for the frequency of stage IA and I would have approached a 1A nodule the way that Dr Yanagawa described, with a wedge and then a thoracoscopic invasive staging. But then you would have counted that against me. That would be counted as no invasive staging procedure. Is that correct? Dr Farjah. Can you repeat that last part again, I want to make sure I understand it.
Dr Shipper. When you say that you looked at the frequency of stage IA and corrected for it, I interpreted that as meaning that you corrected for the situation that Dr Yanagawa described where you operate knowing that it is a small tumor and you wedge it out. Then you do your staging once you know you have cancer. But your answer made me believe that that actually isn't the case, that if we did that, those would have been nonstaged patients? Dr Farjah. Your latter statement is correct. But we adjusted for the fact that some hospitals may see more stage I cancers than others. This is akin to case mix and risk adjustment with outcomes. As surgeons, we always say, well my patients are different, so that's why we did that adjustment. But our measurement is still about the rates of invasive staging, and it is not viewed as counting against or for you, it is simply, what are the rates? All we did was adjust for the difference in case mix for a very reasonable reason why someone would not do invasive staging.
Dr Shipper. Second quick question. Endobronchial-ultrasound guided nodal aspirate seemed very low in frequency. Any idea as to why that is? Dr Farjah. I do not know. I also do not know which hospitals are actually in this study. I think almost all or all of them have an endobronchial-ultrasound guided nodal aspirate capability and either pulmonologists or surgeons are doing endobronchial-ultrasound guided nodal aspirate, so if it is true and these hospitals are actually in the study, I suspect what you are seeing is just a preference among the providers for that invasive staging modality, but at this point I am speculating. We don't know why.
Dr Richard Whyte. Great presentation. A quick addition to that last question: Did you see endobronchialultrasound guided nodal aspirate use increase in frequency over the time of your study? But more importantly, I want to applaud you on this whole concept of this collaborative. My question is how do you get this information out amongst the people who participate in this collaborative? We have struggled with doing a surgical collaborative in Massachusetts, but Rich Prager invited me to the Michigan collaborative a year ago and it is remarkable how much cross-fertilization there is in that collaborative. You presented de-identified data, it was not just organization A, B, C, and D. It was hospitals and you know who they are, and peer pressure is a huge thing, so if you are the guy down on the lower righthand corner of your figure, I guarantee people will go, ''Holy smoke, what are you doing? Why are you not doing more invasive staging,'' and you got to get up there and sort of justify what you do, but I think this is terrific, thanks. Dr Farjah. Thank you. Dr Matt Blum (Colorado Springs, Colo). This a neat study and a neat way of kind of looking at things through several different institutions and we did this with the University of Colorado because we now have 3 hospitals that do a substantial amount of pulmonary surgery and the way things were staged were quite different across the hospitals. They all do appropriate staging, but they are quite different, and I was wondering if you could eliminate some of the question or variability for stage I lung cancers, certainly people use different criteria. You can use the National Comprehensive Cancer Network criteria where it is a 1 cm solid nodule, or if it is smaller than that, maybe you do not need to do mediastinal staging if the computed tomography scan is negative. I mean could you just look at stage II or III patients and then eliminate the whole question of how many stage I patients were staged? Because there is a lot of variability. Some people would not stage less than a 3-cm peripheral nodule invasively if everything else looked clean. I wonder if a lot of the variability is in that judgment of those stage I patients because you had a lot of stage I patients in that group. Dr Farjah. We actually had planned some subgroup analyses, as well as some postop analyses, but they became challenging because of the small sample sizes. As you pointed out, clinical stage IA, was 69% to 70% of the cohort, so removing those patients would have left us with only 30% of the original population. We could do it, but our confidence limits would increase and our signalto-noise ratio would go down. In theory, the adjustment for clinical stage IA should account for that? I think a lot of people, including some of our coauthors, were unhappy because it was not particularly transparent. So performing a subgroup analysis is more transparent, and it's something that we could certainly do.
Dr L____. Did you look at the variability between the hospitals in the final pathologic staging? So perhaps hospital E maybe did not have many lymph nodes, but if they did complete pathologic staging, they may have had more accurate staging. The variability in the surgeons at the different hospitals may reflect how thoroughly they provide their thoracic care.
Dr Farjah. The number of mediastinal lymph node stations, the median number, did not vary across hospitals. It was 3. The pathologic staging was also not different. The distribution of nodal disease was not significantly different. The distribution of pathologic stage was not different. The frequency of clinical stage IA was different at presentation. The pathologic N0, N1, and N2 did not vary across hospitals.
Dr L____. Were all endobronchial-ultrasound guided nodal aspirate procedures captured? Even if it was done by a pulmonologist? Dr Farjah. Yes it was a hospital-based perspective, so whether it was surgeon or pulmonologist, it was captured.
